Malaria is preventable and treatable, yet remains the most prevalent parasitic endemic disease in Africa. This article analyzes prospective observational data from the Malaria Awareness Program (MAP), an interactive malaria education initiative led by home-based care workers to improve participant knowledge of malaria as a precursor to increased uptake of malaria control interventions in the Vhembe District, Limpopo, South Africa. Between 2012 and 2016, 1,330 individuals participated in MAP. MAP's effectiveness was measured through pre-and post-participation surveys assessing knowledge in malaria transmission, symptoms, prevention, and treatment. The primary analysis assessed differences in knowledge between individuals who completed MAP (n ¼ 499) and individuals who did not complete MAP (n ¼ 399). The adjusted odds of correct malaria knowledge score versus partially correct or incorrect score among MAP completers was 3.3 and 2.8 times greater for transmission and prevention, respectively (p values<.001). A subanalysis assessed knowledge improvement among participants who completed both pre-and post-MAP intervention surveys (n ¼ 266). There was a 21.4% and 10.5% increase in the proportion of participants who cited correct malaria transmission and prevention methods, respectively. Future research should assess behavioral changes toward malaria prevention and treatment as a result of an intervention and examine incidence changes in the region.
Introduction
Malaria is an acute febrile illness caused by parasitic infection spread through the bite of an infected female Anopheles mosquito. In 2016, nearly half of the world's population was at risk of malaria, with 212 million cases and 429,000 deaths globally. 1 Currently, Sub-Saharan Africa's malaria burden is disproportionally high, with 90% of all malaria cases and 92% of deaths occurring in this region in 2015. 1 South Africa is one of the frontline malaria elimination countries in the Southern African Development Community and thus plays a pivotal role in assisting neighboring countries in their continued efforts. 2 An estimated 10% of the South African population lives at risk of contracting malaria within three malaria-endemic provinces: Limpopo, Mpumalanga, and KwaZulu-Natal. 3, 4 Although South Africa has achieved and exceeded the UN Millennium Development Goals for malaria control, Limpopo Province recorded the lowest reduction in malaria cases compared with other malaria endemic provinces within the country between 2000 and 2010. 3 From 2013 to 2014, Limpopo's reported cases of malaria increased from approximately 2,400 to 5,700 cases, of which the majority of cases were acquired locally within the Limpopo Province, as opposed to outside of the region. 5 The Vhembe district, within the Limpopo Province, accounts for over 60% of all malaria cases reported annually, with an incidence of 2.4 per 1,000 population at risk by 2014. South Africa's Malaria Control Programme currently employs five key strategies for malaria control, including surveillance, case management, cross-border malaria initiatives, vector control, and health promotion. 3 The primary malaria vector control strategy is the universal coverage of Indoor Residual Spraying (IRS) of homes with using mostly pyrethroids and limited Dichlorodiphenyltrichloroethane (DDT) insecticide, which is conducted annually in all high-risk malaria zones before the rainy, transmission season (August -March). Between 2010 and 2014, IRS coverage in Limpopo was estimated between 85% and 90%. 5 The Mid-term review of South Africa's Malaria Elimination Strategic Plan for 2012 to 2018 recommended a strengthening of IRS management and monitoring, as well as an increase in ''funding and staff for health education on malaria elimination through health promotion. '' 6 Health promotion is an essential tool to educate communities about malaria and ensure compliance with IRS campaigns.
Health promotion is highlighted as a key objective of South Africa's Malaria Elimination Strategy, which aims to ensure that by 2018, 100% of the population has adequate malaria knowledge, attitudes, and practices. 7 Knowledge and awareness is one of four key indicators included in Roll Back Malaria's Behavior Change Communication (BCC) intervention strategy to initiate, promote, and sustain desired behavior change. 8, 9 High-quality BCC integration and its evaluation are essential for malaria control programs to improve malaria prevention and treatment. 10 As South Africa moves toward malaria elimination, investment in community health promotion and BCC, as well as evaluative research, are crucial to increasing malaria understanding and compliance with prevention and treatment measures.
One Sun Health (OSH) is a 501(c)3 nonprofit organization and South African nonprofit company that aims to promote sustainable, locally driven solutions to public health challenges through community health education and social entrepreneurship initiatives in South Africa. 11 The Malaria Awareness Program (MAP) is OSH's flagship initiative that facilitates the training of home-based care (HBC) workers to create partnerships and lead education sessions with community members in order to improve knowledge surrounding malaria. HBC workers partner with local clinics and are known and respected by the community. Thus, they are the ideal advocates to develop, inform, and lead MAP in order to promote long-term sustainability. This article analyzes prospective observational data from the MAP, an interactive malaria education program led by local HBC workers that aims to improve malaria knowledge of participants in the Vhembe District, Limpopo, South Africa (Figure 1 
Methods
From 2012 to 2016, MAP education sessions were conducted in HaMakuya and Masisi subdistricts, located in the Vhembe District, Limpopo Province, South Africa. Over five years, 19 villages with a combined population of approximately 12, 398 were selected to participate in MAP by representatives of the Makuya Clinic and the Malaria Control Programme based on their high malaria prevalence and risk (Table 1) . The MAP study design and protocol, as well as the process for program evaluation, are described below.
Study Design and Protocol
MAP was structured as a quasi-experimental, before and after study consisting of a three-or four-week intervention in the selected high-risk malaria villages. Community members from each selected village participated in one workshop per week, held for two to three hours on a weekday morning in their respective village. MAP participants were recruited through a volunteer sample, where village leaders were notified of MAP and asked to advertise workshops through word-of-mouth and direct communication. MAP workshops were typically held outside each village leader's home, a traditional location for community forums that encourages participation from all.
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Consent and photo release forms were read orally to the group at the start of each workshop. Those who wished to participate signed (or had a witness sign) a written consent form. Those who wished to have their photos taken signed (or had a witness sign) a written photo release form. HBC workers collected all consent and release forms. Those who did not participate in the consent or release process were able to participate in the education sessions; however, their data or photos were not collected. All participants signed an attendance sheet at each workshop. Written survey questions were administered individually at the beginning of the first (Week one) and last (Week three or four) MAP workshops to assess the program's impact on malaria-related knowledge among participants. Instruction on completing surveys were provided verbally by HBC workers and printed on the survey form. Surveys were self-administered by all participants who could read and write. Those who could not read or write were given the survey verbally by a HBC worker who recorded written answers for the participant. Individuals who attended two to four MAP workshops and received the education intervention were compared with participants who attended only one MAP workshop and received no malaria education intervention.
MAP used the community as a resource by soliciting local input and knowledge, while working closely with government, nonprofit, and health-care organizations in order to target misconceptions about malaria. All program and educational materials were developed in English and Tshivenda, the local language, and designed in coordination with the Limpopo Department of Health's Malaria Control Division to ensure alignment with South Africa's national strategic plan to combat malaria (Table 2; Figure 2 , Supplemental Materials).
MAP Leadership and Training
MAP workshops were led by a group of local HBC workers and district-level Malaria Control representatives in an effort to work within preexisting structures, increasing likelihood of program sustainability. HBC workers are defined as both formal and informal caregivers in the home who promote physical, psychosocial, palliative, and spiritual health, helping individuals and families achieve the best possible quality of life. 12 In HaMakuya and Masisi, there are five HBC organizations, which consist of approximately 60 individuals in total, the majority of whom are female. Each HBC organization works under direction from their local clinic and is responsible for health promotion activities and campaigns as well as home visits to specific patients.
Six HBC workers with leadership skills, as identified by their HBC Managers, were nominated to work with OSH, Malaria Control, and the head nurse from the Makuya Clinic to develop the initial MAP curriculum and interactive activities. These HBC workers then led annual two day trainings for HBC workers from all villages before initiating and leading MAP workshops. Training was completed in Tshivenda and involved review of MAP curriculum through both written and verbal educational content. As part of the training, HBC workers practiced interactive teaching techniques to be incorporated into the community workshops. Training ended with rehearsals of each workshop, in which HBC workers role-played community and facilitator positions to provide feedback and ensure cohesion and consistency. Quality and consistency of training sessions were ensured through a structured curriculum that was delivered by MAP Coordinators with oversight from OSH leaders, both in person and through virtual reporting and correspondence. To mitigate challenges related to potential limited 
Component Description
Transmission Curricula focuses on the transmission process, the history and seasonality of the disease, and those who are most susceptible to transmission of the disease (e.g., immigrants moving into endemic areas) as well as impact from the disease (e.g., pregnant women). Content is supplemented by visual diagram demonstrating the transmission cycle between a mosquito and human.
Symptoms
Curricula focuses on recognition of key symptoms of malaria, such as fever, headache, and vomiting. Severe symptoms are also covered. Content is supplemented by interactive human body activity in which participants write malaria symptoms on a post-it note and place it on a human body diagram. Participants also sing the ''MAP Anthem'' after each workshop, which describes a series of malaria symptoms.
Prevention
Curricula focuses on behavioral prevention techniques such as allowing Indoor Residual Spraying (IRS) performed by Malaria Control teams, remaining indoors with windows closed and wearing long sleeves in the evening, burning mosquito coils, using repellant creams, and sleeping under mosquito nets. Content is supplemented by a malaria drama in which HBCWs present the life story of one individual who follows preventative measures and that of an individual who does not. In many cases, this drama is replicated by community participants in the final MAP workshop.
Treatment
Curricula focuses on effective treatment seeking behavior, including visiting a clinic for a diagnostic test immediately upon experiencing symptoms. It also includes a description of medication used to treat malaria-positive individuals and best practices with regard to adherence and sharing of any medication. Key medical contacts are provided and are captured in a written and graphic pamphlet that can be taken home and shared.
literacy of some HBC workers, training content was delivered through verbal instruction in full in addition to written material. In 2016, OSH began giving pre-and post-knowledge surveys to HBC workers in order to confirm an understanding of malaria before beginning community workshops. After completion of training, HBC workers began in-village education sessions under the direction of OSH and the local Malaria Control representatives. The number of HBC workers and Malaria Control representatives at each workshop depended on their availability and convenience, as well as size and location of the participating village. At least three HBC workers were required to be present at each workshop. There was no minimum number of Malaria Control representatives required to be present.
In addition to HBC workers, each year, two or three volunteer MAP Coordinators assisted with facilitation of MAP. These coordinators were recruited through OSH and consisted of students from the University of Pretoria and various universities in the United States seeking health fieldwork experience. Responsibilities of MAP Coordinators included logistical support (document printing, data translation, and entry), observing MAP workshops in each village for quality and consistency, as well as planning an annual celebration for all HBC workers and local stakeholders after each MAP implementation.
MAP Education Curriculum
The MAP curriculum was developed during a two day retreat hosted by OSH in partnership with a select group of six HBC workers, two local Malaria Control representatives, and the head nurse from the Makuya Clinic. The malaria education materials were based on global, national, and local guidelines and were later approved by the Limpopo Department of Health. The curriculum focused on interactive activities and discussions around malaria transmission, symptoms, prevention, and treatment (Table 2) . These four learning objectives on malaria were taught by HBC workers and measured through pre-and post-surveys.
The first week of MAP assessed both individual and community knowledge of malaria, as well as provided a basic overview of the disease. Through the administration of individual pre-surveys, small-group focus questions, and a full-group activity on participants' initial associations with malaria, HBC workers collected data on basic demographics and assessed malaria knowledge to tailor the program. Notably, HBC workers developed a song to emphasize teaching of common malaria symptoms, entitled ''Malaria Anthem.'' At the end of each MAP workshop, HBC workers and participants sang the Malaria Anthem.
The second and third weeks of MAP focused on interactive community education centered on the four identified malaria knowledge topics (Table 2 ). An example workshop activity was the human body symptom activity. To review symptoms specific to malaria, participants were given a poster with the outline of a human body. HBC workers distributed post-it notes and asked the community to write symptoms that they associated with malaria and place them on the human body poster where the symptom occurred. These symptoms were then presented and discussed as a group. HBC workers addressed misconceptions as well as pointed out additional symptoms if any were missing. Finally, community participants were asked to discuss how they would change their human body symptoms given new information.
The final week of MAP workshops involved individual post-surveys, review of important information, and presentation of certificates of completion. At the end of each weekly workshop, pamphlets in Tshivenda were distributed to MAP participants to provide an overview and illustrations of each focus area, in addition to contact information of local clinics and Emergency Medical Services. MAP strived to maintain a curriculum run entirely by HBC workers in Tshivenda that was professional, interactive, straightforward, and replicable. A detailed breakdown of the MAP curriculum can be found in Figure 2 , Supplemental Materials.
Study Evaluation
The MAP intervention measured malaria knowledge through surveys (Figure 3 
Survey Development and Knowledge Construct
Knowledge on transmission and prevention were measured based on an ordinal knowledge score, quantified from responses to targeted survey questions. Classification of participant responses was based on previously published studies that assessed malaria knowledge in various international community settings (Table 9 , Supplemental Materials). Based on the literature, participant responses to questions of transmission and prevention were labeled as ''incorrect, no understanding,'' ''partially correct, some understanding,'' or ''correct, complete understanding'' (Figure 4 (a) and (b), Supplemental Materials).
For participant knowledge of symptoms and treatment, understanding was measured based on number of correct responses. Overall participant enjoyment of MAP and suggestions for the future were recorded and analyzed using a Likert scale of one to five.
Predictor variables included demographic data tracked by unique participant ID. These variables were gender (male and female), age (18 to < 30, 30 to < 40, and 40 + years), number of years of education completed (Grade 0 to 8, > 8 to < 12, 12+, where 12 + indicates high school graduation or some education at the university level), and year of MAP participation (2012, 2013, 2014, 2015, and 2016) . The number of MAP meetings attended by each participant was the main predictor variable and coded as 1 if the participant had received the MAP intervention (attended two to four MAP meetings) and 0 if only one meeting was attended.
Data Collection
Each meeting began with the consent and release process and was followed by participants signing an attendance sheet collected by HBC workers. All participants were informed about the study and their right to opt out at any time.
At the first and final workshops in each village, HBC workers distributed individual paper surveys directly after the consent and release process, prior to reviewing any educational material. After surveys were completed, HBC workers or MAP Coordinators completed quality checks to ensure data were complete and accurate, and readministered questions to individuals as needed if there were gaps or errors in the completion of the survey.
Data Analysis
Data were collected in Tshivenda, translated into English by a local translator, and entered into Microsoft Excel in full. The primary analysis assessed differences in knowledge between those who completed the MAP intervention (defined by assessment of knowledge after attending two to four MAP workshops) and those who did not complete the MAP intervention (defined by assessment of knowledge prior to attending any MAP workshop). A subanalysis on knowledge improvement among MAP participants who completed both pre-and post-MAP intervention surveys is also presented. All analyses were performed using Stata 13. 13 Baseline characteristics of the participants in the two groups from the primary data set (MAP vs. no MAP) were compared through chi-squared tests using a threshold p ¼ .05 as a cut-off for significance. Mean age and education level completed were calculated, as well as their corresponding ranges. The distribution of survey responses between MAP participation considered four main knowledge categories: transmission, symptoms, prevention, and treatment. Chisquared tests were used to test for the independence between these knowledge scores distribution and MAP group.
Knowledge of transmission and prevention of malaria was measured based on an ordinal knowledge score. A multiple ordinal logistic regression model was fitted for the knowledge score with MAP vs. no MAP as a main predictor, adjusting for education, age, gender, and year. The Brant test was used to assess the assumption of proportional odds for the multiple ordinal logistic regression.
Summary data from the program evaluation and anecdotal quotes from focus group discussions were also presented, indicating the community's enjoyment of MAP and willingness to participate in the future. The data from four program evaluation questions were analyzed based on the mean and proportion of participant's Likert scale scores (1: very little/ unlikely; 5: very likely/a lot; Figure 3(a) and (b) , Supplemental Materials).
This study investigated collinearity among variables, as well as interaction between MAP and predictor variables (education and age). Multiple imputation was conducted for education level completed after assessing changes in effect size with and without the imputation.
Ethical Considerations
Ethical clearance for research through institutional review board was secured from Duke University and Washington University in Saint Louis before implementation of this intervention. The program was also approved by the University of Pretoria institutional review board, the Limpopo Department of Health, Vhembe District Department of Health, Makuya Clinic, HaMakuya Intersectoral Committee, and the Makuya Tribal Council. (Table 1 ). An average of 43 participants attended each MAP intervention.
Results and Analysis

Survey Results
A total of 1,330 adults (10.5% of overall population) participated in MAP between 2012 and 2016, and of those, 898 contributed data for analysis (Table 1) . Of these, 499 (56%) attended two to four MAP education sessions before completing a post-intervention knowledge attainment survey and were considered ''MAP participants,'' whereas 399 (44%) had no exposure to the MAP education curriculum before completing a knowledge survey and were considered ''no MAP'' or ''non-MAP participants.'' A subset of 266 participants (30%) completed both a pre-and post-intervention knowledge surveys, with exposure to the MAP curriculum in between.
Baseline characteristics of the study participants are tabulated in Table 3 . The average age was 37 years (range: 18 to 88 years) and the average education level completed was Grade 9 (range: Grade 0.5 to Grade 12 and above); Twent-eight percent (253 of 898) of participants were male. The number of MAP participants varied by year, due to the number of villages selected to implement MAP (range: 3-7; Table 1 ). Almost 44% of participants self-reported that they had previously had a malaria episode themselves, whereas 62.2% reported that someone in their household had a malaria episode.
Malaria Knowledge
Knowledge of malaria symptoms was greater across eight out of 10 symptom types among MAP participants, compared with non-MAP participants (Table 4 ). Notable differences in symptom knowledge included, diarrhea (40.9% MAP and 22.3% no MAP), headache (73.0% MAP and 55.6% no MAP), and shivering or convulsion (38.5% MAP and 24.3% no MAP). Although the majority of participants were able to correctly list some symptoms of malaria before participating in MAP, symptoms most frequently recognized upon completion of MAP coincided with the symptoms mentioned in the Malaria Anthem (Tables 4 and 5 ). This highlights the potential impact of the interactive Malaria Anthem as a means to stimulate knowledge of symptoms.
Differences in knowledge of malaria transmission and prevention methods were found (Table 4) . There was a 20.6% (51.9% MAP and 31.3% no MAP) and 12.4% (3.6% MAP and 16.0% no MAP) difference in the proportion of participants who cited correct and partially correct transmission methods, respectively. ''Correct'' transmission methods included: mosquito parasite, not using preventative measures, dirty items such as trash attract mosquitos, and association with standing dirty water. ''Incorrect'' transmission methods included: drinking or using dirty water and ''other'' factors such as weak immune system, poor hygiene, eating unripe fruit or bad food, and transmission via flies, animals, or other parasites (Figure 4(a) and (b) , Supplemental Materials). There was an 11.9% (95.4% MAP and 83.5% no MAP) and 21.1% (28.3% MAP and 49.4% no MAP) difference in the proportion of participants who cited correct and incorrect malaria prevention methods, respectively. Of correct preventative measures identified by community members, ''Allow Malaria Control to spray homes'' had a 16% difference (72.1% MAP and 56.1% no MAP; Table 10 , Supplemental Materials). Other correct prevention methods such as wearing long clothing and filling holes to avoid collecting rainwater were more commonly cited in surveys taken by those who attended MAP.
MAP Subanalysis Malaria Knowledge
There were significant improvements in malaria knowledge within the subanalysis of MAP participants who completed both pre-and post-surveys (Table 5 ). There was a 9% increase in the proportion of participants who cited mosquitos or mosquito bites as a method of malaria transmission, as well as a 21.4% and 10.5% increase in the proportion of participants who cited correct malaria transmission and prevention methods, respectively (Table 5) .
Participants who completed MAP perceived the program to be rewarding and effective, with mostly positive evaluations ( Table 9 , Supplemental Materials). On a scale of one to five (1: lowest rating, 5: highest rating), 94% to 98% of participants rated questions assessing program evaluation as four or greater (Table 6 ).
Multiple Ordinal Logistic Regression
This analysis compared study participants who completed the MAP intervention through attendance at two to four education sessions (n ¼ 499) versus those who did not complete the MAP intervention (n ¼ 399). The adjusted odds ratio for correct malaria knowledge score versus the combined partially correct and incorrect categories was 3.3 (95% CI [2.2, 4.9], p value < .001) and 2.8 (95% CI [2.0, 3.7], p value < .001) for transmission and prevention, respectively ( Table 7) . The results from fitting the model on imputed data versus incomplete age data led to similar results, and no interaction between the MAP intervention and age was present. Symptom that was emphasized through the Malaria Anthem.
Community Acceptability
MAP was reported to have generated positive responses from the community by officials attending monthly Makuya Intersectoral Committee Meetings during the intervention period. 14 Exit interviews with HBC workers and provincial Malaria Control representatives revealed a strong desire to continue to implement the program, as well as to expand future education programs using participatory methods similar to those employed in MAP. For example, a HBC worker from Domboni stated, ''We enjoyed the unity that came from working together and helping the community together.'' A nurse assistant at the local Makuya clinic noted, ''The research and outreach MAP is doing is helping us because once people know the symptoms [of malaria] they are actually coming to the clinic.'' High community and stakeholder acceptability of MAP strengthened the long-term success of the program by building capacity of OSH as a trusted local nonprofit organization. Additionally, the strong partnership established with the Limpopo Department of Health Malaria Control Programme through MAP enabled OSH to pursue expansion opportunities, as well as additional programs such as a social entrepreneurship initiative designed to improve economic mobility of women in the region.
Discussion
The objective of this study was to evaluate the community-led Malaria Awareness Program and determine whether participation in MAP was associated with an increase in knowledge of malaria transmission, symptoms, prevention, or treatment based on pre-and post-surveys.
Malaria Knowledge
The MAP pre-survey data revealed that the largest gap in community knowledge was related to transmission and prevention. While general knowledge of malaria in all four focus areas increased after participation in MAP workshops, the most drastic improvements were seen within transmission and prevention. Adjusted regression results suggest that MAP participants were more knowledgeable than non-participants in transmission and prevention methods. This association did not change in the sensitivity analyses.
Transmission Knowledge
Although most participants correctly cited mosquitoes as the primary malaria transmission vector before MAP, many individuals also mentioned incorrect methods. It is possible that these individuals previously learned that mosquitos cause malaria without adequate detailed explanation. Similar preintervention findings are documented in the literature, especially with regard to the misconception that mosquitos are not the causative agent of malaria. 15 This partial understanding of the relationship between malaria and mosquito bites indicates an incomplete knowledge of malaria, which has been correlated with poor adherence to measures of vector control. 16 Common misconceptions in both the literature and the MAP study included beliefs that ''drinking dirty water'' and ''eating unripe fruits'' cause malaria. 16, 17 To address these misconceptions, HBC workers leading MAP thus described the malaria transmission cycle through diagrams, with emphasis on the physiology of a malaria-infected individual as this was where the majority of participants' questions arose. As a result, participants indicated a complete understanding of the parasite that causes malaria 13% more often upon completion of MAP (Table 10 , Supplemental Materials).
Prevention Knowledge
While participants often mentioned effective prevention methods prior to MAP, they commonly indicated uncertainty regarding personal protection behaviors and had difficulty articulating the importance of preventative methods. After participating in MAP workshops, however, there was a decrease in the number of incorrect prevention measures cited (Table 5) . One preventative measure emphasized throughout the intervention was IRS using DDT, as IRS is South Africa's primary malaria vector control strategy and thus is highly advocated for by the government. Many indicated that they were skeptical of the effectiveness of IRS chemicals, while others questioned the trustworthiness of Malaria Control representatives who spray. To address these concerns during the intervention, workshop leaders held open discussions to emphasize the benefits of spraying. Previous literature indicates the importance of clarifying incorrect associations that may threaten the effectiveness of proper prevention and control measures. 15 
Implications
Increased understanding of malaria may have an effect on community participation in malaria control efforts. For example, many MAP participants expressed increased trust in Malaria Control spraying insecticides in their homes. One participant indicated that after MAP, he would now allow ''Malaria Control team to spray our house every time.'' Additionally, participants mentioned their plans to spread malaria education throughout their community. As malaria prevalence shrinks and subclinical cases persist, it will be imperative to maintain community engagement and enthusiasm. Community education programs may play a key role in raising awareness and participation in malaria control efforts that are necessary in the fight toward malaria elimination.
MAP in the Context of Malaria Education Literature
Nine other malaria education intervention studies implemented in other Sub-Saharan countries were identified and analyzed for comparison with MAP. No previous malaria education studies measuring knowledge change in South Africa were identified ( Table 9 , Supplemental Materials). All malaria studies selected for comparison with MAP measured knowledge of participants through questionnaires or semistructured interviews; however, each study assessed knowledge differently. While MAP utilized an ordinal knowledge score which included ''correct,'' ''partially correct,'' or ''incorrect'' (range: 0 to 2), many studies used binary assessments such as ''good'' or ''right'' and ''poor'' or ''wrong.'' [17] [18] [19] Other methods included categorical scores 20 and scores based on number or percentage of responses. 16, 21 The majority of malaria education programs have focused on malaria during pregnancy and among children under five; 17, 18, 22 however, MAP retained a broad, adult target population as advised by senior officials from the South African Department of Health. South Africa's malaria burden is less heavily tied to children and pregnant women, as migrant workers who carry malaria across borders pose a specific and serious risk to nonimmune individuals. 23, 24 Thus, it was deemed appropriate to include both male and female community members over the age of 18 in MAP workshops.
MAP was similar to other malaria education interventions in its utilization of interactive activities ( Table 9 , Supplemental Materials). Like MAP, common activities in the literature included utilizing charts or posters, pictures, songs, drama, role play, and group discussion. [16] [17] [18] [19] [20] 22, 25, 26 These were often vaguely described in the literature; thus, it is difficult to compare exact similarities and differences to activities in MAP.
MAP's length fell between the range of identified intervention lengths (one day to 18 months) and the range of timing of assessment (directly following intervention-one year after the intervention; Table 9 , Supplemental Materials). The number of annual participants varied depending on the number of villages selected to participate in the program (Tables 1 and 3 ). The predictor variable of ''year'' thus indicated some significance in the cumulative odds ratios of participants' malaria knowledge score. For example, with the prevention knowledge score, confidence intervals overlapped one for each year except 2015 and 2016 (Table 12 , Supplemental Materials). This significance may be due to MAP's programmatic adjustment from four to three workshops in 2015 and 2016.
MAP was unique in its training and use of HBC workers as peer educators. In Limpopo, there is a severe shortage of clinical staff, with only 1.8 doctors per 10,000 patients. 27 Thus, while other studies utilized health workers such as medical doctors, nurses, field workers, and other primary health care staff, only MAP utilized HBC workers to lead the intervention. In the Vhembe District, HBC workers work closely with local clinics and play a more general community health worker role. Respected by the communities they work in, HBC workers were selected as ideal advocates to develop, inform, and lead MAP. While this worked well in this particular setting, it is important to note that this form of leadership may not be suitable for other regions.
Capacity Building of a Local Nonprofit
In addition to its impact on community knowledge of malaria, MAP provided a key opportunity for OSH as a small, local nonprofit organization to build its capacity to operate within and provide support to the Limpopo Province. Through MAP, OSH developed strong partnerships with local stakeholders and the Limpopo Department of Health Malaria Control Programme. These key relationships enabled its operation as an organization focused on public health in this region. OSH adopted learnings and best practices from the implementation and evaluation of MAP to modify its programs and overall approach to best address community needs, as well as partner with government and local stakeholders to mobilize and provide resources.
Nonprofit organizations are instrumental in building research capacity, delivering essential services in hard-toreach communities, and contributing to local development in health around the world. [28] [29] [30] MAP's deep integration and acceptance by the local community and the Department of Health strengthened OSH's capacity as a local nonprofit organization, enabling it to continue to support research and provide services to address pertinent health needs in the future.
Limitations
The findings from this study indicate that MAP may be a framework for future malaria education strategies in South Africa, but key limitations exist. As the MAP study design utilized a volunteer sample and lacked a randomized control group, the findings are associational and there is a potential threat to internal validity. Some villages had poor attendance at workshops due to community engagements such as funerals, cultural rituals, and government pension days. Additionally, the measurement of knowledge based on the number of MAP meetings attended may not account for confounding factors such as oral communication and village social networks, where people may have learned about malaria through word-of-mouth outside of MAP workshops. Central adjudication was used to interpret survey responses in an attempt to minimize misclassification; however, language barriers led to difficulty in complete translation. Two different interpreters were used in translating surveys, which may have led to inconsistencies.
Selection bias and nondifferential measurement error may also be present as it is plausible that those who attended more MAP workshops had increased motivation and interest in learning about malaria than individuals who attended fewer or no workshops. Gender may play a role, as over 70% of MAP participants were female. Additionally, adult males are typically mobile and spend considerable time outside compared with women and children who are protected by their sprayed homes. 31 Based on cultural and prior knowledge, it was postulated that age or education level may have influenced an individual's decision to participate in MAP. Sensitivity analyses were run to look at missing data through multiple imputation for education level, as well as potential interaction between intervention, age, and education level. No significant bias was shown between intervention and age or education level. Another notable limitation is that participants may have skewed their answers to please educators responsible for collecting the surveys. This may have caused some respondents to downplay beliefs such as the use of traditional medicine or exaggerate the importance of seeking treatment from the clinic or allowing preventative DDT spraying by Malaria Control.
While improvement in participant knowledge of those who correctly sighted malaria transmission and prevention methods is encouraging, this study did not analyze long-term retention of knowledge. It is important to understand at what point knowledge wanes to inform whether refresher training is needed yearly before malaria season. Finally, it is worth noting that possessing scientific knowledge of malaria does not necessarily imply ''correct'' malaria control behavior and preventative action taken. While understanding of malaria transmission, symptoms, prevention, and treatment is an important factor in disease prevention and community empowerment, behavior change has the greatest direct impact on disease incidence.
Conclusion
This study highlights the success of a participatory health education program to increase malaria knowledge and awareness, as well as presents implications for future malaria programming and capacity building in rural settings. First, HBC workers represent a strong group of front-line health workers who can provide group education effectively with training. In communities with complex governance structures, it is critical that malaria programming engage stakeholders at all levels-local, regional, and national-appropriately. Interactive educational curricula, involving song, theatre, and other forms of active discussion, appear to be an effective method to engage community members and increase knowledge and awareness about malaria. Improved knowledge of malaria transmission and prevention after MAP was positively correlated with attendance at workshops, indicating the effectiveness of a multistep education process. As malaria prevalence decreases and subclinical cases persist, health promotion will play an imperative role in maintaining community participation in malaria control efforts toward malaria elimination.
Currently, there are a large number of studies measuring malaria knowledge; however, there is a gap in the research measuring malaria education interventions impact on knowledge. The MAP model has potential to be easily replicable in comparable settings where minimal resources and low levels of malaria remain. Additionally, the development of similar programs may provide capacity building opportunities for local nonprofits, as well as strengthen nonprofit and government partnerships. Future research should look at developing health promotion solutions and testing these interventions to improve community understanding of malaria. Further, behavioral changes toward prevention and treatment, as well as changes in overall incidence in the region, should be assessed.
While malaria education programs can empower community members to better understand, prevent, and treat disease, education is just one of many control strategies that should be explored to effectively combat malaria. To best determine long-term implications of the MAP, follow-up surveys on malaria knowledge retention and preventative behaviors are recommended six months to one year after initial exposure to education. MAP and the Limpopo Department of Health Malaria Control Programme can learn from these data and presented analyses to better strategize and plan for future health promotion and malaria control.
